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an open-ended willingness to pay question. Further-
more, participants had the opportunity to comment 
on their sensory experience for each product in an 
open text question. An increased PUFA content in 
back fat of 18.3% vs. 15.4% did not lead to a sig-
nificant difference in consumer acceptance of pork 
salami in either of the three information conditions, 
even though, as identified in the analysis of open 
comments, the high-PUFA salami tended to be more 
often perceived as “softer” and/or “more greasy”. 
In contrast, consumer acceptance of both the high- 
and low-PUFA salami was significantly higher 
under the “organic” than under either the “non-
organic” or blind tasting conditions. Based on this 
study, a PUFA content in back fat of up to 18% is 
not expected to have a negative impact on consumer 
acceptance of pork salami. Therefore, and based 
on previous findings, we recommend to adapt the 
Swiss pork fat quality grading system to account for 
this higher acceptable PUFA limit of 18%. Future 
research should further explore trade-offs between 
sensory quality, sustainability, and healthiness while 
taking consumers’ heterogeneity into account.
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Abstract Pork salami with a high content of pol-
yunsaturated fatty acids (PUFA) may be unappeal-
ing for consumers as it is more prone to the devel-
opment of off-flavors and a “greasy” texture. In 
Switzerland, a share of more than 15.5% PUFA in 
back fat is penalized with a payment deduction of 
minimally CHF 0.10 per kilogram carcass weight. 
In this study, we aimed to assess the effect of dif-
ferent PUFA levels and organic labeling on Swiss 
consumers’ acceptance of pork salami. We con-
ducted a sensory consumer experiment, following 
a two-factorial treatment structure, crossing the 
factor “PUFA level” (15.4% PUFA in back fat vs. 
18.3% PUFA in back fat) and the factor “informa-
tion on production system” (blind vs. non-organic 
vs. organic). Consumer acceptance was captured 
using a 9-point hedonic scale for overall liking and 
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Various attributes of fresh pork meat are decisive 
for its suitability for technological processing and 
storage (Rosenvold & Andersen 2003). One attrib-
ute that has been of particular interest to the pro-
cessing and retail industry is the fatty acid com-
position of adipose tissue and muscle (Rosenvold 
& Andersen 2003). A high level of polyunsatu-
rated fatty acids (PUFA) may lead to a reduction 
in fat firmness; hindering the processing of meat 
products, such as salami. Furthermore, the risk of 
accelerated lipid oxidation during processing, stor-
age, and retail display may increase, resulting in 
elevated levels of sensory rancidity and a reduction 
in shelf life. Mincing, heating, and freezing increase 
oxidative stress (Gläser et  al. 2002; Wenk et  al. 
1990; Wood et al. 2008 2003). Therefore, meat with 
high levels of PUFA is regarded as being of inferior 
quality from a technological perspective (Rosen-
vold & Andersen 2003; Wood et  al. 2008 2003). 
In Switzerland, the amount of PUFA in back fat 
has been used as the basis for determining pork fat 
quality since 2014 (Müller & Scheeder 2014; Provi-
ande 2014). A share of more than 15.5% PUFA in 
back fat is penalized with a payment deduction of 
minimally CHF 0.10 per kilogram carcass weight. 
If the share exceeds 16.5%, the deduction increases 
to CHF 0.40 and with a share exceeding 17.5%, the 
deduction reaches a maximum of CHF 1.00 per kil-
ogram carcass weight.
These limits pose great challenges for organic 
pork producers. It has been well established that the 
level of PUFA in pigs’ adipose tissue and muscle 
is directly linked to the level of PUFA in the pigs’ 
diet (Aaslyng & Meinert 2017; Alonso et al. 2010; 
Kouba et  al. 2003; Rosenvold & Andersen 2003; 
Scheeder et al. 1998; Stoll 2004; Wood 1984; Wood 
et al. 2008). Thus, pork producers are able to control 
the proportion of PUFA in tissues through the pigs’ 
feed. However, organic producers’ flexibility in 
terms of possible pig feeding strategies is restricted 
due to the limited availability of low-PUFA feed 
ingredients and the ban on synthetic amino acids 
(Leiber & Früh 2014; Schumacher et al. 2011; Wit-
ten et  al. 2014). Specifically, potato protein — a 
feed component that is commonly used in the feed-
ing of pigs due to its excellent amino acid profile 
and low-PUFA levels — is not available in organic 
quality, and there is no comparable organic alterna-
tive. Several studies have shown that potential alter-
native sources of protein, such as press cake from 
oilseeds (Schöne et al. 2002) or extruded soy beans 
(Van Lunen et  al. 2003), elevate the overall PUFA 
level of the diets and ultimately that of the back fat. 
As a consequence, PUFA levels of organic pork 
from 100% organically fed pigs tend to be higher 
than PUFA levels of conventionally produced pork 
(Früh 2016). In Switzerland, organic pork producers 
are therefore temporarily allowed to use a maximum 
of 5% of conventional potato protein in the feed of 
their pigs (EAER Ordinance on Organic Farming 
2020). The associated transitional regulation, which 
applies until the 31st of December 2022, is only 
a temporary solution until adequate protein feed 
sources are available in organic quality.
In addition to processing, the maintenance of a high 
level of consumer acceptance is an important reason for 
the implementation of the Swiss PUFA limits (Mül-
ler & Scheeder 2014). Flavor and texture are among 
the three most important sensory characteristics deter-
mining consumer acceptance of highly processed pork 
products that contain a considerable amount of back fat, 
such as salami (Iaccarino et  al. 2006). Particularly in 
the case of these products, an elevated level of PUFA 
may be problematic for consumer acceptance because 
it can lead to the development of off-flavors and a 
“greasy” texture (Houben & Krol 1980; Wood et  al. 
2008). Scheeder and Müller (2014) reported that PUFA 
contents in back fat above 18% may lead to problems 
with consumer acceptance of highly processed, high-
fat pork products. An earlier study by Warnants et  al. 
(1998) found that a content exceeding 23% PUFA in 
back fat may lead to undesirable changes in the flavor 
of salami if linoleic acid is the predominant PUFA. As 
in Scheeder and Müller (2014), they suggested a lower 
limit if linolenic acid is the predominant PUFA because 
linolenic acid is much more prone to oxidation than 
linoleic acid (Ahn et al. 1996). Furthermore, Warnants 
et al. (1998) and Hadorn et al. (2008) each observed a 
softer consistency in their salamis produced with back 
fat containing more than 14% PUFA, but neither of 
these studies found a relationship between consistency 
and sensory acceptance.
However, apart from intrinsic product proper-
ties, consumers’ evaluation of sensory quality, and 
thus their acceptance, is also strongly influenced by 
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existing expectations (Grunert et  al. 2004; Lange 
et al. 2000 1998). Consumer expectations towards the 
sensory quality of organic food are typically higher 
than for conventionally produced food, which may 
lead to a positive, so-called “organic halo” effect on 
consumer acceptance (Apaolaza et  al. 2017; Hem-
merling et  al. 2013; Napolitano et  al. 2010 2013; 
Scholderer et  al. 2004). Furthermore, consumers are 
heterogeneous in their product quality perception, 
reflecting differences in cultural backgrounds, eating 
habits, or sociodemographic characteristics (Combris 
et  al. 2009; Mueller & Szolnoki 2010; Teuber et  al. 
2016). For instance, a study by Bryhni et  al. (2003) 
showed that consumers’ mean scores for overall lik-
ing of cooked pork, including in the presence of off-
flavors, rose with increasing meat consumption.
In this study, we aimed to assess the effect of dif-
ferent PUFA levels and organic labeling on Swiss con-
sumers’ acceptance of pork salami. To our knowledge, 
this is the first study that examined the effect of differ-
ent PUFA levels on consumer acceptance in the organic 
context. We focused on salami, as elevated PUFA levels 
have been shown to be more problematic in the case of 
highly processed, high-fat pork products. Furthermore, 
salami is a very popular high-fat pork sausage among 
Swiss consumers. In 2019, the Swiss retail industry sold 
a total of 475 t of pork salami and only 266 t of pork 
chorizo and 105 t of pork salametti (Proviande 2020).
This consumer study was part of the “Bioschwein 
100.0” project, which tested the influence of 100% 
organic feed on fat quality. Thus, the salami that was 
used for consumer tasting resulted from two dietary 
treatments of one of the project’s feeding trials. One 
treatment led to 15.4% PUFA in back fat, resulting in 
a “low-PUFA” salami, while the other treatment led to 
18.3% PUFA in back fat, resulting in a “high-PUFA” 
salami. For the remainder of this article, pork salami 
from back fat with 15.4% PUFA will be referred to as 
“PUFA 15.4 salami” or “low-PUFA salami” and pork 
salami from back fat with 18.3% PUFA will be referred 
to as “PUFA 18.3 salami” or “high-PUFA salami”. For 
both the low- and high-PUFA salami, the Thiobarbi-
turic Acid Reactive Substance (TBARS1) value was 
recorded upon maturation — shortly before the con-
sumer experiment took place — and did not exceed 
the critical value of 0.5. Hence, adverse effects on con-
sumer acceptance due to elevated levels of rancidity 
were very unlikely with these products.
Hence, based on these framework conditions, the 
research questions of this study were specified as 
follows:
(1) Does Swiss consumers’ acceptance of pork 
salami differ between pork salami produced with 
back fat containing either 18.3% or 15.4% PUFA? 
— PUFA level effect
(2) Is Swiss consumers’ acceptance of pork salami 
influenced by information about the production 
system? — Organic labeling effect
(3) Is there a relationship between PUFA level and 
information about the production system? — 
Interaction effect
Materials and methods
To answer the research questions of this study, we 
conducted a sensory consumer experiment, follow-
ing a two-factorial treatment structure, crossing the 
factor “PUFA level”, with two levels (15.4% PUFA 
and 18.3% PUFA) and the factor “information about 
production system”, with three levels (blind, non-
organic, organic). Hence, each consumer tasted both 
the low- and the high-PUFA salami three times: 
once blind, once with the claim “organic”, and once 
with the claim “non-organic” in a total of six tasting 
rounds. Consumer acceptance was captured using a 
nine point hedonic scale for overall liking (Lim 2011; 
Peryam & Pilgrim 1957; Resurreccion 1998), fol-
lowed by an open-ended willingness to pay question 
(Lusk & Hudson 2004).
The combination of sensory and economic scales 
to measure consumer acceptance is very common: 
particularly in studies examining the effect of extrin-
sic quality cues, such as the organic label (Asioli 
et al. 2017; Combris et al. 2009). In fact, Lange et al. 
(2002) suggest that, in the presence of external infor-
mation, hedonic measures may be used to assess 
the sensory value of the product information and 
1 Short for thiobarbituric acid reactive substance: TBARS are 
a widely used indicator for oxidative stress which manifests 
itself through elevated levels of rancidity (Kim 2014). TBARS 
are measured in mg MDA/kg in fresh product.
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willingness to pay to assess the perceived (or total) 
value of the product information.
Diets and feeding
The salami that was used for consumer tasting 
resulted from two, of a total of four, dietary treat-
ments of a feeding trial which was conducted within 
the “Bioschwein 100.0” project.2 For the trial a 
hundred and forty-four Swiss Large White female 
(n = 64) and castrated (n = 80) pigs, originating from 
thirty-six litters and weighing 24.3 ± 0.33  kg (aver-
age ± standard error), were assigned within litter 
to four dietary treatments. The two treatments that 
led to the low- and high-PUFA salami are hereafter 
referred to as treatment one (T1) and treatment two 
(T2) respectively.
The nutrient content of the two dietary treat-
ments is shown in Table  1. For T1, which led to 
the low-PUFA salami, a grower and finisher diet 
was formulated based on the Swiss feeding recom-
mendations for swine (Agroscope 2016) and fol-
lowing the recommendation that 95% of the feed 
ingredients comply with the EAER Ordinance on 
Organic Farming (2020). For T2, which led to the 
high-PUFA salami, the feed ingredients used for 
feed formulation also had to comply with the afore-
mentioned regulation. In order to be isonitrogenous 
to the T1 diet, the level of essential amino acid of 
the T2 diet was 3% below the Swiss feeding recom-
mendations for swine (Agroscope 2016). A further 
prerequisite for the formulation of the T2 diets was 
to elevate the crude fiber content by 3% compared 
to the T1 diets. Regarding the fatty acid profile, all 
diets were formulated to comply with the feeding 
recommendations regarding back fat quality that 
is a PUFA-Index (PUI) < 5.1  g/kg feed and Iodine 
Value Index (IVI) < 7.8 g/kg feed (Stoll 2016). With 
the imposed restrictions, the PUI and IVI limits 
were not met for the T2 diets.
The pigs were reared in group pens (n = 17 per 
pen), equipped with automatic feeders and individ-
ual pig recognition system (Schauer Maschinen-
fabrik GmbH & Co. KG, Prambachkirchen, Aus-
tria) that allowed daily feed intake to be recorded. 
The pigs had ad libitum access to the diets and 
water. Pigs were changed from the grower to the 
finisher diet when the body weight (BW) at the 
day of weighing was greater than 60 kg. Pigs were 
slaughtered the day after reaching 103  kg BW at 
the research abattoir of Agroscope after being 
fasted for approximately 12 h. Live BW was deter-
mined prior to slaughter. A detailed description 
of the slaughter procedure is given by Bee et  al. 
(2017). Weights of hot carcasses were assessed 
30  min after exsanguination and the carcasses 
were then chilled at 2  °C for 24  h. One day post 
mortem, meat and adipose tissue for the Salami 
production was collected. The adipose tissue from 
each right carcass side was excised a the 10th rib 
level, freed from the skin and muscle, vacuum-
packed in opaque bags and stored at – 20 °C until 
analysis. From these samples the dry matter, total 
fat and fatty acid contents were measured by 
near infrared spectroscopy (NIR) as previously 
described (Bee et al. 2021) (Table 2).
Table 1  Analyzed nutrient and energy content (expressed by 
kg feed) of the grower and finisher diets
1 PUI ( PUF A-I nde x): − 0.300 × SFA + 0.457 × MUFA + 0.119 
× PUFA (contents of the fatty acids are expressed as g/kg of 
feed)
2 IVI (Iodine Value Index): − 0.743 × SAT + 0.829 × MUFA + 0.
212 × PUFA (contents of the fatty acids are expressed as g/kg 
of feed)
Items Grower diet Finisher diet
T1 T2 T1 T2
Dry matter, g 889.8 888.7 882.6 892.5
Crude ash, g 56.3 56.9 52.8 54.2
Crude fiber, g 42.1 69.7 37.0 71.0
Crude protein, g 177.8 168.0 163.4 141.2
Lysine, g 10.0 9.7 7.7 7.1
Methionine, g 3.0 2.0 2.6 2.2
Cystein, g 3.5 2.8 3.1 2.9
Crude fat, g 36.7 37.2 26.9 42.8
SFA, g 7.7 6.4 5.5 6.7
MUFA, g 10.5 13.0 6.4 20.2
PUFA, g 21.1 20.8 12.4 17.4
PUI,  g1 5.0 6.5 2.7 9.3
IVI,  g2 7.5 10.4 3.8 15.4
Digestible energy, MJ 13.2 12.8 13.2 12.8
2 The Swiss Federal Committee for Animal Care and Use 





Two batches of salami with different lard 
characteristics (PUFA 15.4 and PUFA 18.3) 
were produced at the Swiss Butchers Train-
ing Center (Ausbildungszentrum der Schweizer 
Fleischwirtschaft, CH-3700 Spiez). The batches 
only differed with respect to their PUFA levels. 
Well-trimmed beef (15%) was ground to 3 mm in 
a mincer (Seydelmann WD 114, 70,174 Stuttgart, 
Germany). Well-trimmed pork (65%), lard (20%), 
and chopped beef were minced together to 6 mm. 
The mixture was blended with organic raw sau-
sage spice mixture (12  g/kg), Bio Garlic granu-
late (1 g/kg) (both products from Omya CH-4710 
Balsthal) and 5  g AVO Starter culture for raw 
sausages (AVO-Werke August Beisse GmbH, D- 
49,187 Belm) in a bowl cutter using reverse gear 
of cutter knives (Kutter, K40 AC8, Nr. 16,581–1, 
Seydelmann, D-73431 Aalen, Germany) for 200 s. 
After addition of salt (6  g/kg) and curing salt 
(16 g/kg), the mixture was blended until reaching 
a sufficient binding of the sausage meat. The final 
mixture was stuffed in collagen casings (R2L-D, 
Viscofan, D-69469 Weinheim) with a diameter 
of 50  mm using a vacuum filler (VF 608 PLUS, 
Maschinenfabrik, GmbH & Co. KG, 88,400 Bib-
erach, Germany). The sausages were dipped in a 
mold/surface solution (scheid-Salamischimmel 
weiss, scheid-rusal PVH AG, CH-6038 Gisikon) 
and ripened in a small chamber (size 1.41  m3, own 
construction Agroscope) with automated tempera-
ture and humidity regulation, starting at 24  °C 
and 97% relative humidity with an even lowering 
to 15 °C and 72% relative humidity after 12 days. 
The ripening was stopped after 28 days when the 
Salamis reached a weight loss of 35%. The salami 
was then stored for 2 to 3  weeks at 5  °C in the 
dark, wrapped in absorbent paper in a box cov-
ered with plastic film until the sensory consumer 
experiment was conducted.
Table  3 shows the composition and characteris-
tics of the two final salami products that were used 
for sensory testing.
Recruitment of participants
Study participants were recruited in the region of 
Bern, Switzerland, from the consumer database of 
the School of Agriculture, Forest and Food Sci-
ence (HAFL), where the sensory experiment took 
place. Participants were informed that they would 
participate in a study on food consumption involv-
ing some tasting, that the study would last about 1 h 
and that they would be remunerated with a total of 
Table 2  Fatty acid composition of adipose tissue (g/kg tissue) 
of female and castrated pigs fed two different grower and fin-
isher diets
Measures were taken from the inner and outer back fat layer of 
each individual carcass. Values represent the average ± stand-
ard deviation of measurements obtained from carcasses from 
16 female and 20 castrated pigs per treatment
T1 T2
Total fat 863 ± 31.3 879 ± 39.9
SFA 36.9 ± 2.46 33.6 ± 2.88
MUFA 47.4 ± 1.28 48.1 ± 1.55
PUFA 15.4 ± 1.12 18.3 ± 1.77
Iodine  value1 69.3 ± 3.79 74.9 ± 4.91
Table.3  Composition and 
characteristics of the two 
final salami products used 
for sensory testing
1 Thiobarbituric acid 
reactive substance 
(TBARS) was measured 
shortly before the sensory 
consumer experiment took 
place
PUFA 15.4 PUFA 18.3
Weight loss after ripening (n = 10) [%] 35.4 ± 0.2 34.9 ± 0.2
Water content (n = 2) [g/kg] 417 ± 0.0 408 ± 1.4
Warner Bratzler (n = 3) Maximum Force [N] 86.4 ± 12.1 80.2 ± 19.0
Water activity (n = 2) [-] 0.907 ± 0.007 0.919 ± 0.004
TBARS1 (n = 2) mg MDA/kg in fresh product 0.30 ± 0.00 0.27 ± 0.01
Protein [%] in dry matter 46.9 46.0
Fat [%] in dry matter 44.0 45.4
Ash [%] in dry matter 9.1 8.6
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CHF 25 upon completion of the experiment.3 To 
be eligible for the study, participants had to be at 
least jointly responsible for food purchase in their 
household, between 18 and 79 years old, not work 
in marketing/market research/publishing, food pro-
duction/processing or retail, not be vegetarian, and 
be willing to taste pork salami. To ensure a cer-
tain degree of heterogeneity in the sample, partici-
pants were recruited based on the following quota: 
gender (50% women; 50% men), age (50% 18 to 
44 years; 50% 45 to 79 years), organic consumption 
frequency (at least 40% consuming organic food 
rather often, very often, or (almost) always), and 
organic meat consumption frequency (at least 40% 
consuming organic meat rather often or very often). 
The final sample size included 108 consumers. The 
main sociodemographic characteristics are shown 
in Table  4 and the organic and meat consumption 
frequency in Table 5. The target quota was achieved 
except for age. Thus, study participants were almost 
equally distributed for gender and 57% stated that 
they consume organic food, and 44% organic meat, 
rather often or more frequently. With a share of 
23%, participants below the age of 44 were under-
represented in the sample.
Sensory consumer experiment
The sensory consumer experiment took place in the 
sensory lab of the School of Agriculture, Forest and 
Food Science (HAFL) in Bern, Switzerland, at the 
beginning of December 2017. HAFL’s sensory lab 
is designed according to the ISO 8589:2007 standard 
and comprises 11 booths. To reach the sample size of 
n = 108, a total of eleven different sessions were held. 
The sessions were spread over a period of five days 
and took place in the morning, afternoon, or evening. 
Each session lasted about 1 h.
As in Scholderer et  al. (2004), the consumer 
experiment followed a two-way factorial treatment 
Table 4  Sociodemographic characteristics of the n = 108 consumers
Categories n Valid % Mean
Gender Female 55 50.93 -
Male 53 49.07
Age in years 18 to 29 15 13.89 52.47
30 to 44 10 9.26
45 to 59 40 37.04
60 to 79 43 39.81
Highest educational level Low (up to 10 years, pre-vocational training and the like) 3 2.78 -
Intermediate (above 10 years, up to basic vocational training, 
Matura)
81 75.00
High (from bachelor onwards) 23 21.30
No answer 1 0.93
Household size 1–2 person(s) 73 67.59 2.46
3–4 persons 28 25.93
 > 4 persons 7 6.48
Monthly household income (CHF) Up to 6000 26 24.07 -
6001 to 10,000 50 46.30
Above 10,000 16 14.81
No answer 16 14.81
Employment Fully employed — 90% or more 24 22.22 -
Part time — 50 to 89% 26 24.07
Part time — below 50% 12 11.11
Not employed 46 42.59




structure, which is shown in Table 6. The two fac-
tors which were crossed were “PUFA level”, with 
two levels (15.4% and 18.3% PUFA in back fat), and 
“information about production system”, with three 
levels (no information, non-organic, and organic), 
resulting in a total of six different treatments or 
product samples. Each product sample consisted 
of two salami slices each 1.5 mm thin, which were 
cut half an hour before the experiment, marked with 
a random three-digit code and stored in a fridge 
at 4.4  °C until serving. The information about the 
production system was not attached to the product 
samples themselves, but directly included in the 
Table 5  Eating habits of 
the n = 108 consumers
Categories n Valid % Mean
Organic food consumption frequency (Almost) always (1) 2 1.85 3.42
Very often (2) 21 19.44
Rather often (3) 39 36.11
Occasionally (4) 32 29.63
Rather rarely (5) 6 5.56
Very rarely (6) 6 5.56
(Almost) never (7) 2 1.85
Meat consumption frequency Very often (1) 24 22.22 2.15
Rather often (2) 51 47.22
Occasionally (3) 29 26.85
Rather rarely (4) 1 0.93
Very rarely (5) 3 2.78
(Almost) never (6) 0 0.00
Organic meat consumption frequency (Almost) always (1) 4 3.70 3.74
Very often (2) 18 16.67
Rather often (3) 25 23.15
Occasionally (4) 32 29.63
Rather rarely (5) 18 16.67
Very rarely (6) 6 5.56
(Almost) never (7) 5 4.63
Table 6  Experimental design with six treatments
No information Non‑organic Organic
PUFA level 15.4 A [n = 108] C [n = 108] E [n = 108]
PUFA level 18.3 B [n = 108] D [n = 108] F [n = 108]
Table 7  Procedure of product sample evaluation
Part 1: Overall liking
Question: How much do you like this (no information/organic/non‑organic) salami overall?
Answer: Hedonic scale from 1 (= dislike extremely) to 9 (like extremely)
Part 2: Willingness to pay
2.1: Purchase intent (PI)
Question: Would you buy this (no information/organic/non‑organic) salami if you had the opportunity?
Answer: yes or no
2.2: If yes: Maximum willingness to pay
Question: What is the maximum amount you would pay for 200 g (no information/organic/non‑organic) salami if it tasted the 
same as the salami you just tried? (Note: In a supermarket 200 g salami (CH) costs, on average, CHF 5.00)
Answer: Open‑end
Part 3: Open text field for comments
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evaluation survey. For instance, before tasting the 
organic salami consumers received the following 
information: “Please note that the salami you will 
now taste is from organic production.” After tasting 
the organic salami, they were explicitly asked about 
their overall liking/willingness to pay for the tasted 
“organic” salami (see Table 7). The PUFA level was 
not communicated to consumers, which is the nor-
mal procedure for intrinsic product characteristics 
(Grunert et al. 2004).
Upon arrival at the sensory lab, participants were 
asked to take a seat in one of the individual booths and 
to follow the instructions on the computer screen. Dur-
ing the experiment, each participant (experimental unit) 
evaluated all six product samples (treatments), one-by-
one, using a hedonic and an economic measure: a nine 
point hedonic scale for overall liking and a two-part 
willingness to pay question, first asking about purchase 
intent and then about maximum willingness to pay in 
an open-end format (see Table  7). A similar approach 
was used in Scholderer et al. (2004) and in Dransfield 
et  al. (2005). For each product sample, respondents 
also had the opportunity to comment on their experi-
ence. Between samples, participants were instructed to 
rinse their palate with water and/or consume a cracker in 
order to neutralize their taste buds.
As in other studies examining information effects 
on consumer acceptance (Combris et al. 2009; Hem-
merling et al. 2013; Napolitano et al. 2010; Torquati 
et al. 2018), the experiment was not completely ran-
domized, in that the order in which treatments were 
assigned to experimental units was not completely 
at random (Oehlert 2010). Product samples A and B 
(no information), C and D (non-organic), and E and 
F (organic) were always evaluated in pairs, not simul-
taneously but one after the other (e.g., BACDFE, 
ABDCEF, ABEFDC). In addition, product samples A 
and B (no information) were always evaluated first as 
they were used as control treatments (no information 
provision). Hence, once A and B had been evaluated, 
either C and D or E and F followed.
It is also important to note that the total of six prod-
uct samples came from two different products only 
— samples A, C, and E from the PUFA 15.4 salami 
and samples B, D, and F from the PUFA 18.3 salami. 
That is, samples A, C, and E as well as samples B, 
D, and F only differed with respect to the information 
provided. As consumers were blinded with regard to 
the PUFA level, they did not know which of the two 
products they were tasting. Hence, from the partici-
pants’ perspective they essentially tasted two samples 
without information, two “organic” samples and two 
“non-organic” samples.
The provision of “false information” (in this case 
about the production system) is common practice in 
experiments aimed at the unbiased measurement of 
information effects (Scholderer et al. 2004).
Data analysis
Analysis of overall liking, purchase intent, and 
willingness to pay
All statistical analyses were performed using R ver-
sion 3.6.1 (R Core Team 2019).
To investigate the effect of PUFA level and infor-
mation on (1) overall liking and (2) willingness to 
pay, we run two separate linear mixed-effects models, 
one for each response variable. Mixed-effects models 
are increasingly used in repeated measures studies 
where observations are clustered and therefore cannot 
be considered as independent (Crowder 2017; Cudeck 
1996). In this study, we included a random effect on 
the intercept of each model, allowing subjects to have 
shifted response levels. Such models are also referred 
to as random intercept models. To model overall lik-
ing we used the following equation:
As willingness to pay was measured in two stages, 
we also modeled it in two stages, following the dou-
ble-hurdle approach, proposed by Cragg (1971). First, 
we modeled the probability that someone would be 
willing to purchase the product, using a two-level ran-
dom intercept model (the first hurdle):
Second, we modeled the maximum amount a 
participant (with PI
i
= 1 ) would be willing to pay 
for the product, using a linear random intercept 
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Each model included two explanatory vari-
ables — a factor for PUFA level ( PUFA
i
 ), with 
two possible values, and a factor for informa-
tion ( INFO
i
 ) with three possible values — and 
the interaction effect of the two factors. Overall 
liking was found to be left-skewed and therefore 
replaced by the square of overall liking. Due to 
the limited sample size of 108 respondents, no 
further explanatory variables, such as organic 
or meat consumption frequency, were included 
in the model.
In accordance with the research questions stated 
in the introduction of this article, we tested the fol-
lowing three Null hypotheses in all three models:
(1) PUFA level effect: H1
0
∶ 1 = 0
(2) Organic labeling effect: H2
0
∶ 2 = 0
(3) Interaction effect: H3
0
∶ 3 = 0
The linear random intercept models were esti-
mated using the function lmer from the lme4 pack-
age (Bates et  al. 2015) and the two-level random 
intercept model using the function clmm from the 
ordinal package (Christensen 2015). Contrasts 
were calculated using the Tukey correction. Effect 
sizes for overall liking were quantified using the 
Cohen’s d for paired samples t-test and effect sizes 
for willingness to pay (> 0) were quantified using 
the Cohen’s d two samples t-test.
To measure the influence of overall liking on 
purchase intent and willingness to pay, we used a 
simple logistic and linear regression model, respec-
tively, and quantified the effect sizes using Cohen’s 
d.
Coding and analysis of open comments
Respondents’ open comments, which were obtained 
by product sample, were analyzed using the software 
MaxQDA, release 20.0.8 (VERBI Software 2019). 
Comments were categorized into positive and nega-
tive, clearly interpretable denominations with respect 
to consistency and aroma/taste. Negative comments 
on a product sample’s consistency included the state-
ments “(too) fatty/greasy” and “(too) soft”, while 
WTP
i
= 0 + 1PUFAi + 2INFOi + 3PUFAi × INFOi + u(subjecti)
i = 1, ..., n for observation i(n = 385).
u(subject
i
) ∼ N(0, 2
u
)
positive statements included “good consistency/good 
bite” and “not greasy/fatty”. In the category aroma/
taste, statements such as “well spiced” or “tasty” were 
evaluated as positive, whereas negative statements 
included terms such as “rancid”, “too little spiced”, 
“too salty”, “not tasty” and “special aftertaste”.
Due to the qualitative nature of the open comments, 
they were analyzed using descriptive statistics only.
Results
The effect of PUFA level and information on overall 
liking, purchase intent, and willingness to pay
Table 8 summarizes participants’ overall liking, pur-
chase intent, and maximum willingness to pay for 
salami in all six experimental conditions. For over-
all liking, summary statistics are shown for the total 
sample as well as by purchase intent.
The results suggest that all six salami samples 
were acceptable to consumers. Thus, all samples 
were rated at a mean overall liking score of at least 
6, which is well above the central point of the 9-point 
hedonic scale. Moreover, in all six experimental con-
ditions more than half of the respondents indicated 
that they would be willing to buy 200 g of the tasted 
salami and would be willing to pay an average of at 
least 5 CHF for it, which corresponds to the average 
supermarket price stated in the evaluation survey.
Tables 9, 10, and Table 11 in the Appendix show 
the results of the random intercept models described 
in the section “Data analysis”.
In all three models, the PUFA level showed no sig-
nificant effect. Hence, overall liking, purchase intent, 
and willingness to pay did not significantly differ 
between the high- and the low-PUFA salami in any of 
the three information conditions.
The information about the production system had 
a significant effect on overall liking and willing-
ness to pay, but not on purchase intent. In the case 
of overall liking, the claim “organic” led to a small 
increase of 6%, relative to the blind tasting condition 
(Tukey corrected p-value = 0.011, Cohen’s d = 0.22) 
as well as relative to the “non-organic” informa-
tion condition (Tukey corrected p-value = 0.015, 
Cohen’s d = 0.25). Between the blind tasting condi-
tion and the “non-organic” information condition, 
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there was no significant difference in overall lik-
ing (Tukey corrected p-value = 0.993, Cohen’s 
d = 0.04). In the case of willingness to pay, the 
claim “organic” led to a moderate increase of 14% 
relative to the blind tasting condition (Tukey cor-
rected p-value < 0.001, Cohen’s d = 0.54), and a 
moderate increase of 15% relative to the “non-
organic” information condition (Tukey corrected 
p-value < 0.001, Cohen’s d = 0.77). As for overall 
liking, there was no significant difference in will-
ingness to pay between the blind tasting condition 
and the “non-organic” information condition (Tukey 
corrected p-value = 0.870, Cohen’s d = 0.16).
Hence, based on these results, there was no PUFA 
effect, but there was a positive organic labeling effect, 
which was smaller for overall liking than for willing-
ness to pay. Purchase intent was affected neither by 
the PUFA level nor by the information on the produc-
tion system.
Comparison of open comments between different 
PUFA products and information conditions
In the category consistency, there was a total of 
290 comments, of which 62% were negative, such 
as “fatty and too soft”, and 38% positive, such as 
“good consistency/good bite”. The share of nega-
tive comments was lowest in the “organic” infor-
mation condition (48% of a total of 99 comments). 
Furthermore, the share of negative comments 
tended to be lower for the low-PUFA salami (56% 
of a total of 140 comments) than for the high-
PUFA salami (67% of a total of 150 comments). In 
fact, the “organic” low-PUFA salami was the only 
sample where the positive comments outweighed 
the negative comments.
In the blind tasting condition, 48 consist-
ency-related comments (n = 47) were counted 
for the low-PUFA salami, whereby 27% of the 
comments were positive and 73% negative. A 
Table 8  Summary statistics for overall liking, purchase intent, and willingness to pay
No Info Non‑Organic Organic
PUFA 15.4 [A] PUFA 18.3 [B] PUFA 15.4 [C] PUFA 18.3 [D] PUFA 15.4 [E] PUFA 18.3 [F]
Overall liking
  Mean 6.1 6.3 6.2 6.2 6.7 6.5
  Std. dev 1.89 1.75 1.83 1.71 1.79 1.81
  Median 6.5 7.0 6.5 6.0 7.0 7.0
  n 108 108 108 108 108 108
Purchase intent (PI)
  Mean 0.58 0.56 0.59 0.58 0.65 0.60
  n 108 108 108 108 108 108
Overall liking, PI yes
  Mean 7.2 7.3 7.2 7.1 7.5 7.4
  Std. dev 1.28 1.12 1.18 1.20 1.14 1.17
  Median 7.0 7.0 7.0 7.0 8.0 8.0
  n 63 60 64 63 70 65
Overall liking, PI no
  Mean 4.6 5.1 4.8 4.9 5.2 5.1
  Std. dev 1.54 1.62 1.67 1.53 1.83 1.74
  Median 5.0 5.0 5.0 5.0 5.5 5.0
  n 45 48 44 45 38 43
Will. to pay, PI yes
  Mean 5.1 5.0 5.0 5.0 5.8 5.7
  Std. dev 0.91 1.01 0.91 0.98 1.05 1.16
  Median 5.0 5.0 5.0 5.0 5.7 5.5
  n 63 60 64 63 70 65
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comparable distribution of positive (22%) and 
negative (78%) statements was also found for 
the high-PUFA salami (blind tasting condition) 
with a total of 59 comments (n = 53). Hence, 
the perception of the consistency as “fatty” and 
“(too) soft” appeared to be very similar for both 
low- and high-PUFA salami. In the “organic” 
information condition, the distribution was 
reversed, but only for the low-PUFA salami. 
Thus, of a total of 50 entries (n = 47), 60% of 
the statements were positive, and 40% negative. 
Even though, for the high-PUFA salami, the 
distribution was not reversed in the “organic” 
information condition, the consistency seems 
to have been perceived less negatively in com-
parison with the blind tasting condition. In the 
“non-organic” information condition, the num-
ber of negative consistency-related comments 
also tended to be lower than in the blind tasting 
condition, but the negative still outweighed the 
positive comments in the cases of both low- and 
high-PUFA salami.
For the aroma/taste-related category, there was 
a total of 470 comments, of which 50% were nega-
tive, such as “too little spiced”, “too salty”, or “not 
tasty” and 50% positive such as “well spiced” or 
“good taste”. Also across PUFA levels and infor-
mation conditions, the shares of negative and posi-
tive comments were approximately balanced.
Relationship between overall liking, purchase intent, 
and willingness to pay
The effect of overall liking on purchase intent was 
found to be highly significant (p-value < 0.001). 
For a one unit increase in overall liking, the odds 
of a respondent to be willing to purchase a product 
were found to increase by 203% (Cohen’s d = 1.63). 
Whereas the majority of the participants who stated 
to be willing to purchase a product had an overall 
liking above 6, the majority of the participants who 
stated not to be willing to purchase a product had an 
overall liking of 6 or below (Fig. 1 in the Appendix).
The effect of overall liking on willingness to pay was 
also found to be highly significant (p-value < 0.001). 
For one unit increase in overall liking, willingness to 
pay was found to increase by CHF 0.32 (Fig. 2 in the 
Appendix).
Discussion
An increased PUFA content in back fat of 18.3% 
vs. 15.4% did not lead to a significant difference in 
consumer acceptance of pork salami in any of the 
three information conditions, even though the high-
PUFA salami tended to be more often perceived as 
“softer” and/or “more greasy”. This result supports 
the proposition of Scheeder and Müller (2014) that 
a PUFA content in back fat above 18% may lead to 
perceptible sensory differences. However, it also 
suggests that a PUFA content of 18.3% is still too 
low and the resulting sensory differences too small 
to show a negative effect on consumer acceptance. 
Previous studies have found that only considerably 
higher contents of PUFA in back fat are problematic 
for sensory acceptance. In Scheeder et al. (1998) a 
content of 22.3% PUFA in back fat led to fishy off-
flavors and thus had a clear negative effect on con-
sumers’ acceptance of bacon, salami, and salametti. 
In Warnants et  al. (1998), contents of 24–27% 
PUFA in back fat were problematic for consumers’ 
acceptance of salami due to oilier texture, if linoleic 
acid was the predominant PUFA, and a fishy taint, if 
linolenic acid was the predominant PUFA. Bryhni 
et  al. (2002) reported rancid off-flavors and thus 
lower consumer acceptance of salami for a content 
of 30.1% PUFA in back fat. Hence, based on previ-
ous consumer studies and the result of the present 
study, a content of 18% PUFA in back fat seems to 
be acceptable from a consumer perspective, particu-
larly if linoleic acid is the predominant PUFA.
Whereas in the present study, consumers’ acceptance 
was not influenced by the PUFA level, it was affected by 
the claim “organic”. The rather small increase in overall lik-
ing of about 6% is in line with the findings of other stud-
ies on consumer acceptance of organic meat products. For 
instance, in Napolitano et  al. (2013), occasional organic 
consumers’ overall liking of “organic” chicken increased by 
8% compared to the blind tasting situation. Scholderer et al. 
(2004) reported an organic labeling effect on overall liking 
of pork chops of 7% with respect to the blind tasting con-
dition and 11% with respect to the “non-organic” informa-
tion condition. Dransfield et al. (2005) found an increase in 
overall liking of pork labeled as “outdoor” of up to 6%, com-
pared to the blind tasting condition, and of up to 7% com-
pared to the “indoor” information condition. Also the mod-
erate increase in willingness to pay of 14% — compared to 
the blind tasting condition — and 15% — compared to the 
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“non-organic” information condition — is in accordance 
with previous studies. In Scholderer et al. (2004), the pre-
mium for “organic” pork chops was 12% compared to the 
blind condition, and 15% compared to the “non-organic” 
information condition. Dransfield et  al. (2005) found pre-
miums of up to 8% and 11% compared to the blind and 
“indoor” information condition, respectively. In both these 
studies, willingness to pay was also elicited using an open-
ended format maximum willingness to pay question. Hence, 
using the example of pork salami, this study confirms that 
the claim “organic” has a positive influence on the perceived 
quality of organic food due to higher consumer expectations.
In line with the studies by Scholderer et al. (2004) 
and Dransfield et al. (2005), this study showed that the 
claim “organic” tended to have a larger influence on 
willingness to pay than on overall liking. In addition, 
in line with Hung and Verbeke (2018), we found the 
effect of overall liking on purchase intent and willing-
ness to pay to be highly significant. These findings 
suggest that the perceived (total) value of the informa-
tion “organic”, as it was measured by consumers’ will-
ingness to pay, was attributable to the good sensory 
quality image of organic food (Baranek 2007; Hem-
merling et al. 2013; Kuhnert et al. 2003; Plaßmann & 
Hamm 2009) but also to other factors, such as ethical 
or health concerns (Grunert et  al. 2004; Stolz et  al. 
2009 2011).
The present study also faces some limitations. 
First of all, storage time of salami was not included as 
another varying factor in this study. As the oxidative 
stability of PUFA decreases with increasing storage 
time, it might be that a longer storage time would have 
led to detectable off-flavors for consumers and conse-
quently a lower acceptance of the high-PUFA salami 
(Houben & Krol 1980; Kerth et al. 2015). Nevertheless, 
the storage time that was chosen for this study corre-
sponds to a usual storage time. Secondly, the present 
study only analyzed two specific PUFA levels so the 
results can therefore not be generalized for PUFA lev-
els which fall outside this range. Thirdly, results were 
obtained in a sensory lab environment. Some studies 
have shown that consumers’ evaluation of product qual-
ity can be significantly affected by the setting in which 
products were tasted and rated (Boutrolle et  al. 2005; 
Brewer et  al. 2001). For instance, in the studies by 
Boutrolle et al. (2005) and Brewer et al. (2001) the lik-
ing scores were lower with central location testing than 
home-use testing. In contrast, other studies have shown 
that results are not necessarily dependent on the test 
setting (Schouteten et  al. 2019). Finally, as the study 
context was hypothetical and consumers did not actu-
ally buy any products, the measurements obtained for 
overall liking, purchase intent, and willingness to pay 
may not reflect consumers’ real buying behavior. In real 
life, consumers face economic constraints which sig-
nificantly affect their purchase decisions (Lange et  al. 
1998).
Future research should further explore trade-offs 
between sensory quality, sustainability, and healthiness 
and also take consumers’ heterogeneity into account. 
Ultimately, it is consumers’ acceptance of a meat product 
which determines its success on the market (Moskow-
itz 1985) and consumers’ acceptance is not only influ-
enced by sensory quality but also consumers ethical and 
health concerns (Moloney et al. 2001; Casal et al. 2018; 
Soladoye et al. 2015; Teuber 2016; Bryhni 2002). This 
is relevant in the discussion about PUFA limits as 
PUFA levels in the back fat of pigs tend to be higher in 
the context of organic production (Früh 2016) and as 
a higher level of PUFA also seems to be advantageous 
from a health perspective (Moloney et al. 2001; Verbeke 
et al. 1999; Stewart et al. 2001 in Van Lunen et al. 2003; 
Alonso 2010; Wang et al. 2017).
Conclusion
In this study, an increased PUFA content in back fat of 
18.3% vs. 15.4% did not lead to a significant difference 
in consumer acceptance of pork salami: neither when 
blindly tasted nor when claimed “organic” or “non-
organic”. This suggests that a PUFA limit of 18% is 
sufficiently low to ensure a high consumer acceptance: 
particularly also of organic meat products for which 
consumer expectations towards taste are typically 
higher. This is an important finding for Swiss produc-
ers and processors of organic pork who suffer from the 
current Swiss PUFA limits for pork fat quality as the 
feeding strategies in organic production systematically 
lead to higher PUFA levels. Based on this study and 
the evidence provided by previous studies we recom-
mend to adapt the Swiss feeding strategy to account 
for this higher acceptable PUFA limit of 18%.
Org. Agr. 
1 3
Acknowledgements The authors are grateful to Dr. sc. nat. 
Robert Home from the Research Institute of Organic Agricul-
ture (FiBL) for proof reading the article and to Jérémy Hentgen 
for his advice on the statistical analysis.
Author contributions All authors contributed to the study 
conception and design. Material preparation, data collection, 
and analysis were performed by CM, EH, and DHH. The first 
draft of the manuscript was written by CM and EH and all 
authors commented on previous versions of the manuscript. All 
authors read and approved the final manuscript.
Funding This work was supported by the Swiss Department 
of Agriculture.
Data availability The data are available on request from the 
authors.
Declarations 
Conflict of interest This manuscript has not been submitted 
to, nor is under review at, another journal or other publishing 
venue. The following authors have affiliations with organizations 
with direct or indirect financial interest in the subject matter dis-
cussed in the manuscript: Authors’ name Affiliation Claudia Mei-
er: None Eugenia Harms: None Barbara Früh: None Helena Stof-
fers: None Giuseppe Bee: None Diana Hartig Hugelshofer: None 
Nele Quander-Stoll: None Hanna Stolz: None
Table 9  The effect of 
PUFA level and information 
on overall liking (linear 
random intercept model)







PUFA 18.3 (ref = PUFA 15.4) 1.69  − 2.61 6.00 2.20 0.442
NOT ORGANIC (ref = BLIND) 0.24  − 4.07 4.55 2.20 0.913
ORGANIC (ref = BLIND) 6.38** 2.07 10.69 2.20 0.004
PUFA 18.3 × NOT ORGANIC  − 2.46  − 8.55 3.63 3.12 0.430
PUFA 18.3 × ORGANIC  − 3.70  − 9.80 2.39 3.12 0.235
Constant 41.23*** 37.26 45.20 2.03 0.000
Individual variance 182.6
Residual variance 262.3









Table 10  The effect of 
PUFA level and information 
on purchase intent (two-
level random intercept 
model)







PUFA 18.3 (ref = PUFA 15.4)  − 0.14  − 0.74 0.46 0.31 0.650
NOT ORGANIC (ref = BLIND) 0.05  − 0.55 0.65 0.31 0.880
ORGANIC (ref = BLIND) 0.34  − 0.27 0.95 0.31 0.280
PUFA 18.3 × NOT ORGANIC 0.09  − 0.76 0.94 0.43 0.830
PUFA 18.3 × ORGANIC  − 0.10  − 0.96 0.75 0.44 0.810
Constant  − 0.41  − 0.88 0.06 0.24 NA
Individual variance 1.16
Residual variance 3.29





n 108 × 6 = 648
Table 11  The effect of 
PUFA level and information 
on maximum willingness to 
pay (linear random intercept 
model)







PUFA 18.3 (ref = PUFA 15.4) 0.03  − 0.19 0.24 0.11 0.820
NOT ORGANIC (ref = BLIND)  − 0.06  − 0.27 0.16 0.11 0.610
ORGANIC (ref = BLIND) 0.50*** 0.29 0.71 0.11 0.000
PUFA 18.3 × NOT ORGANIC  − 0.17  − 0.48 0.13 0.16 0.270
PUFA 18.3 × ORGANIC  − 0.07  − 0.37 0.24 0.16 0.660
Constant 5.09*** 4.90 5.28 0.10 0.000
Individual variance 0.358
Residual variance 0.347








Fig. 1  Overall liking (scale from 1 to 9) by purchase intent. Distribution of overall liking for participants without (no) and with (yes) 
an intention to purchase product samples A through F
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Fig. 2  Correlation between overall liking (scale from 1 to 9) and maximum willingness to pay in CHF (max will. to pay)
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